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Abstract 

We report a measurement of the semimuonic decay Do -+ K-@v from data taken 
during the 1987-1988 fixed target run at Fermilab by the E687 collaboration. We db- 
tain r(D” - K-&u) /I?(@ + K-r+)= 0.82&0.13iO.13 and use this result to calculate 
r(D” + K*-p+v) /r(D” --t K-p+u) =0.5910.1010.13. 
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The semileptonic decays of charmed particles are particularly interesting as 

they proceed via the spectator model and the matrix element can be factorized 

into a hadronic part and a well understood leptonic part. As a result the decay 

rate for the pseudoscalar and the vector semileptonic decays is straightforward to 

calculate. However, both the decay rate T(D -t K*M+~) and the branching fraction 

r(D -t K’p++v)/I’(D --t Kpfv) disagree with many theoretical predictions[*lJal. In this 

study a measurement is made of r(DO - K-p+u)/r(D” - K-X+) t and, utilizing our 

previous ~1 measurement of the ratio r(D+ + I+G+v)/r(D+ - K-x+x-), a calculation 

is made of IY(D” + X’-p+v)/r(D” - K-~+v). 

The E687 detector[41 is a large aperture, multiparticle magnetic spectrometer 

with excellent vertex measurement, momentum resolution, and particle identifica- 

tion. The average triggered photon energy is 221 GeV. For this analysis 60 million 

multihadronic triggers from the 1987-1988 run have been analyzed. 

The Do -+ ~-p+v candidates were skimmed from the reconstructed data tapes 

by requiring evidence for multiple vertices. An event is included in the skim sample 

if it contains at least two vertices separated by at least 3 standard deviations. As 

the neutrino is not directly detected, the positions of the primary and secondary 

vertices are used to calculate the neutrino’s transverse momentum and the assumed 

Do mass is exploited to determine the longitudinal momentum. 

Two track secondary vertices are chosen from oppositely charged tracks where 

one track is identified as a muon and the other is identified as a kaon. In order to 

eliminate pion and kaon decay backgrounds as well as particle misidentification, a 

minimum muon momentum of 10 GeV/c is required. 

t In this report reference to particles like D *+, D+ and Do, implies also the charge 

conjugate state. 
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The primary vertex is constructed after removing the tracks belonging to the 

Kp vertex (secondary vertex). The primary vertex is required to be upstream of the 

secondary vertex and in the target region. The primary vertex must also include 

at least three tracks and contain one track consistent with being a pion in the 

Cerenkov system. If more than one primary vertex candidate satisfies the above 

cuts, the highest multiplicity vertex is chosen. If two or more vertices have the same 

number of tracks, then the most upstream primary vertex within the target region 

is selected. 

A secondary vertex detachment cut of L/UC >5 is introduced to reject the non- 

charm backgrounds (L is the distance between the primary and the secondary vertex; 

al is its error [‘I). Higher multiplicity decay channels are eliminated from this sample 

by requiring other tracks not associated with the primary vertex to have less than 

a 2% confidence level of belonging to the KP vertex. 

As we cannot directly detect the neutrino, we exploit the D*+ --t Don+ decay 

followed by Do + K-~+v. The line between the primary and secondary vertex deter- 

mines the Do flight direction. Using this flight direction and assuming ~~~~ = ~~~ 

and M. = 0, the longitudinal component of the neutrino momentum is calculat- 

ed in the reference frame where the Kp longitudinal momentum along the Do di- 

rection is zero[Ll. When vertex resolution is included it is possible to have un- 

physical values for the Do momentum, hence slightly negative values are allowed 

((P” i)’ = (E: - Pi,,) > -.7 (GeV/c)‘). For those cases with -.7 < (E: - Pi,,) < o it 

is set (E: - pi,) = o (i is the direction of the Do in the boosted frame). Whenever 

two solutions are kinematically possible, the case with the lowest D*+ mass is se- 

lected. The X+ candidates are required to belong to the primary vertex and to have 

a momentum less than 13.5 GeV/c. 



Figure 1 displays the ~-p+vr+ invariant mass distribution (solid line) obtained 

with ~~~~ = MD. and with a f/al >5 requirement. The random background (dotted 

line) is obtained from events where the soft pion has opposite charge from the muon. 

Several background contamination sources were considered. The largest back- 

ground w&s found to be Do -t K*-l.r+v where the K*- -K-G with the # not recon- 

structed. Other backgrounds considered were Do --t (K-T+)@ (resonant and non- 

resonant) and Do - K-n+ a o x x where the x+ decays to p+v or is misidentified as a p+ 

(with a probability of 1.7 %). 

To separate the contribution in the D* peak due to the semileptonic decay 

from that due to other charm decay channels, a Monte Carlo Kpa invariant mass 

distribution was created (MC~.~) that summed the decay of interest, the other charm 

channels listed in table I, and the normalized combinations taken from the wrong 

sign events in the data. 

The branching fraction of Do + K-p+v relative to the channel Do -t K-a+ , both 

observed via the decay chain D’+ - x+D” , can be written as: 

r(D” --t K-,,+v) = BR(D” + K-P+V) N*: 
T(D” -K-r+) C,W%) Ci(B& .$&B&) $ 

where zx* is the Monte Carlo reconstruction efficiency, N;: is the number of ob- 

served events for the Do + K-r+ decay, and C,(B&. Q) = (BRK,. EK,,” + BRK.,, 

e~.,,v + BRxmo e,cma + BR~,mn~o e~mo=o ) with Monte Carlo calculated efficiencies 

and known branching ratio0 (all but the unknown BRA,,) given in table I. The 

term C(B&. ci)/C,(B&) is the effective detection and reconstruction efficiency for 

the composite D*+ state. The term BR(D” + K-p+v) /&(B&) is the fraction of the 

D*+ peak consisting of the K-p+v state. 

In order to properly account for the effects of resolutions and backgrounds on 

the observed D*+ peak, an iterative approach is used to obtain the BRarv value. 
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In the first iteration, the BRKpu value is fixed and the D*+ peak is fit with MC,.,, 

which is now a function of BRx,,. Next, using the measured N$.‘,,,,, a new value 

of BRK,, is calculated. This new result is then used to create another Monte Carlo 

distribution and the procedure is iterated until the BR~#” input value is equal to 

the BRK,. output value. The result of the fit, shown in figure 1, yields 99i14 signal 

events (after background subtraction) for the total number of K-F+, decays in the 

D’ peak. 

The D*+ - Do*+ --t (K-X+)X+ channel is used as the normalization channel. This 

channel is selected from the same data skim, uses the same vertexing algorithms, and 

has the same analysis cuts applied where possible. Figure 2a) shows the ((K-r+)n+) 

invariant mass distribution when 1.834~ M K r+ cl.894 GeVfca and where MK* = - 

MD.. Figure 2b) presents the K-T+ invariant mass distribution. A signal yield of 

210~~17 events is obtained after subtracting the wrong sign contribution ((K-x+)x-). 

The efficiency for this decay is measured to be exx = 3.63%. 

The background contamination signal from Do -K-K+, where a K decays to 

PV or is misidentified as a x, has been determined to be negligible compared with 

the other backgrounds. 

Hence, the relative branching ratio is found to be: 

T(D” + K-p+v) 
r(Do ~ K-a+) = 0.82 i O.lqrtat.) * O.l3(q&.) 

As a check that the contamination from decays with missing *O’s and misiden- 

tified muons is understood, the Kp invariant mass distribution for the data is com- 

pared with the Monte Carlo predictions. The total contamination in the sample 

from the charm background channels is found to be 25 f 5 events, of which 11 

events are estimated to be from the Do t K*-p+v decay and 14 events from the 

Do - (K-T+)@ and Do --t K-*+aW’ decays. Figure 3 displays the M(Kp) mass dis- 
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tribution after the wrong sign background has been subtracted for 2.005 < Mu,,, < 

2.025 &V/c’. As expected the background peaks at a lower M,, mass than the 

signal. The Monte Carlo simulation is in good agreement with the data. 

The systematic errors were estimated by varying the choice of the kinematic, 

detachment and isolation cuts, by considering the branching fraction uncertainties 

in the PDG values, by changing the normalization procedures, and by studying the 

effect of an ~~~ cut to aid in reducing * decays and to help eliminate the charm 

decays with more than one neutral. The errors were added in quadrature. 

Figure 4 shows the D* yield as a function of the secondary vertex confidence 

level cut. The Monte Carlo prediction is superimposed. At low confidence level 

there is contamination from events where the K and JL do not originate from the 

same decay. A secondary vertex confidence level cut of 5% is used. 

From figure 5 it is observed that the choice of the detachment cut (L/Q) is not 

critical in measuring this branching ratio. 

Using the Particle Data Group BF(D” -K-x+)= 3.65 f 0.21%[s] value, a branch- 

ing fraction for Do - K-p+v of 2.99f 0.47f0.50% is calculated. Figure 6 compares 

the E687 result to the branching fractions obtained by other experiments in both 

the (Kev) and in the (Kp) channels; the electron results are all higher than the 

muon results as expected from the difference in the lepton masses. 

The branching ratio r(D” -+ K*-p+v)/I’(DO - K-fi+v) is evaluated using the value 

r(D+ ~K*‘~+v)/T(D+ - K-X+*+) x0.56& 0.04f 0.06 obtained in this same experi- 

ment [sl from the 1990 run data sample. The calculation is made using the world 

average values for the Do and D+ lifetimes [aI, the hypothesis I’(D” j K’-p+v) = 

p(D+ - Z*“p+v), and the PDG values for p(Ds -+ K-h) and r(D+ d K-*+x+). 
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The result is found to be: 

T(D’ --t K*-p+v) 
r(Do - K-p+v) 

= 0.59 + 0.10 f 0.13. 

If the Mark III branching fiactionsllOl of BR(DO + K-r+) = 4.2 i 0.4 f 0.4% and 

BR(D+ -K-k*+) = 9.1 & 1.3 & 0.4% are used, then a similiar value of 0.58 i 0.10 

i 0.16 is found. 

Figure 7 shows this result with those from other experiments. This result agrees 

with the other results. 
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Figure Captions 

Table I: contributions from other charm decays. 

Fig. 1: Klrvrr invariant mass distribution for the events satisfying the !/a1 >5 con- 

dition, secondary vertex isolation cut 5 0.02 and secondary vertex confidence level 

>5%, where the M(K~v) has been set equal to the DO mass. The histograms are: 

the r.s. data (full line) and the W.S. data (dashed line) normalized to the r.s. for 

MK ,,“- > 2.025 Gev/c’. Superimposed are the signal fit result (full line) and the 

random background fit (dotted line). 

Fig. 2: a) The K-r+r+ invariant mass where the MKmn+ has been set equal to the 

DO mass; the shaded area is the wrong sign events; b) K-;r+ invariant mass for the 

normalization channel. 

Fig. 3: ~l.r invariant mass distributions: the open circles are the data values for 

the events in the D’ peak (wrong sign subtracted); the lines are the Monte Carlo 

predictions for the signal P + KPV (dashed line), for the sum of backgrounds 

Do - K’-fifv, Do + (K-r+)d and DO - K-*+## decays (dotted line), and the sum 

of all the considered decays, signal plus backgrounds (full line). 

Fig. 4: Number of events in the D’ peak (random background subtracted) as a 

function of the secondary vertex confidence level; the full line is the Monte Carlo 

prediction; the cut chosen is 0.05. 

Fig. 5: Branching ratio value as a function of the L/Q cut. 

Fig. 6: Comparison of BF(D” + K-l+v) measurements (values are in W): the sta- 

tistical (full line) and systematic errors are summed linearly (dashed line). The 

E691[‘1 and CLEO[q values have been obtained using the Mark III value for the 

BF(D~ + K-T+); E653Pl calculates this value from the branching ratio l?(D’ + 

Kp)/r(D’ -+X/w). 
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Fig. 7: Comparison of l?(D’ + K’-l+v)/r(D” + K-I+V) measurements: the statisti- 

cal (full line) and systematic errors are summed linearly (dashed line). Mark III 

value refers to the KN/K/S ratio: they do not have sufficient sensitivity to quote a 

branching fraction ratio for the ~0 -+ K*-I+&*]. 
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Table I: Contributions from Charm Decays: 

Background Decay Branching fraction (%) from PDGM c(%) 

Do + K’pu 1.7 f 0.6 0.38 

Do - Km0 (res. and non res.) 11.3 * 1.1 0.03 

Do --+ Kx## 15 l 5 0.03 

Signal Decay Branching fraction (%) 

Do --t Kpv 2.99 i 0.5 f 0.5 (this result) 1.56 

2.90 & 0.5 (from PDGW) 
I 
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